Takotsubo syndrome (TKS): A possible mechanism of sudden unexplained death in epilepsy (SUDEP) by Dupuis, Michel et al.
Available at:
http://hdl.handle.net/2078.1/164003
[Downloaded 2019/04/19 at 03:30:33 ]
"Takotsubo syndrome (TKS): A possible mechanism
of sudden unexplained death in epilepsy (SUDEP)"
Dupuis, Michel ; Van Rijckevorsel, Germaine ; Evrard,
Frédéric ; Dubuisson, N. ; Dupuis, F. ; Van Robays, Pierre
Abstract
We report a case of Takotsubo syndrome after epilepsy, and review the literature.
We identified 59 cases of Takotsubo syndrome after focal or generalised epilepsy.
As in Takotsubo syndrome in general, the patients were mostly female (84%),
with a mean age of 63 years, and the evolution was generally favourable. There
was one death and one stroke, and 4 cases were of relapsing Takotsubo after
a new seizure. Takotsubo syndrome may induce cardiac arrhythmias. A near-
SUDEP (sudden unexplained death in epilepsy) was reported in one patient.
Animal models of SUDEP have shown similar cardiac lesions to those seen in
Takotsubo syndrome, and strengthen the hypothesis of a link between these
conditions. Takotsubo syndrome after epilepsy may be relatively common; we
suggest measurement of serum troponin levels in high-risk patients and cardiac
follow-up. © 2011 British Epilepsy Association. Published by Elsevier Ltd. All
rights reserved.
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1. Introduction
Takotsubo syndrome (TKS) is an acute cardiomyopathy that
occurs after stressful conditions, including seizures and status
epilepticus.1 SUDEP (sudden unexplained death in epilepsy) may
be secondary to unexplained respiratory failure or cardiac arrest
related to seizures.2 We report one case of TKS after seizures and
review the literature suggesting a link between TKS and SUDEP.
2. Case report
A 50-year-old woman with a stressful psychiatric condition,
presented with a ﬁrst tonic-clonic seizure after a partial seizure
with eye and head deviation to the right. A second ﬁt occurred in
the emergency room (March 2009). Cardiac auscultation revealed a
gallop rhythm. The serum troponin level was 7.51 ng/ml
(<0.15 ml) and the ECG showed antero-septal Q waves (Fig. 1).
The patient did not undergo endotracheal intubation and received
no vasoactive drugs before the ﬁrst ECG. Echography demonstrated
transient antero-infero-apical hypokinesia with an ejection
fraction estimated at 36%. coronarography was normal and left
ventriculography (Fig. 2) revealed akinesia of the basal segment
andmid portions of the left ventricle and hyperkinesias of the apex.
A diagnosis of ‘‘inverted TKS’’3 was established. The patient was
treated with acetylsalicylic acid, bisoprolol, perindopril and
sodium valproate (1000 mg/day), which was later changed to
lamotrigine because of weight gain. Prolonged EEGmonitoring and
brain MRI were normal. The patient recovered fully from cardiac
and neurological points of view.
3. Discussion
TKS, ﬁrst described in 1991 by Dote et al.4 in Japanese patients,
is increasingly recognized in cardiology. TKS occurs after a stressful
condition, including seizures, and is considered as a possible toxic
reaction to excessive and acute catecholamine release, but other
factors, such as vasospasm or microvasculature failure, are also
probably involved.1 The exact mechanisms are not yet fully
understood.5
Our patient fulﬁlled the criteria for TKS: reversible akinesis or
dyskinesis of the left ventricular segment, associated with new
ECG ST-segment or T-wave abnormalities mimicking acute
myocardial infarction. The physiopathology of the reversible
cardiomyopathy with apical sparing seen in our patient is similar
to that of TKS cardiomyopathy, but with an inverse left ventricular
pattern: ‘‘Inverted TKS’’. Coronary angiography should be per-
formed as soon as possible in such cases to rule out obstructive
coronary disease.6,7 TKS predisposes patients to embolism,
cardiogenic shock, heart failure, arrhythmia and sudden death,
with an acute lethality of up to 8%. The differential diagnosis from
acute myocardial infarction is not always easy, and treatment for
myocardial infarction is often the ﬁrst therapeutic option. TKS is a
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condition that requires specialist care and diagnosis can be difﬁcult
with possible differential diagnoses including prolonged syncope
and convulsions due to acute coronary syndrome. Once the
diagnosis is conﬁrmed (high troponin, Q-wave, cardiac ballooning,
normal coronarography, sometimes cardiacMRI), there isnospeciﬁc
treatment and management relies on supportive therapies and
methods to prevent possible complications, such as giant thrombus.
Unless there are acute complications, full recovery is usual.
TKS after seizures has seldom been reported. We found 59
documented cases of possible TKS secondary to seizures (Table 1),
including 4 cases8–11 of relapsing TKS after new seizures. In 5 of
these 59 cases,2,12,13 a diagnosis of TKS was not suggested even in
the discussion sections of these papers, despite description of the
speciﬁc cardiac characteristics of TKS. Hence, the association of TKS
and epilepsy may be underreported and underestimated in clinical
practice. Reports of multiple cases by different teams support this
view (Table 1). Some of the cases reported were exposed to
additional stress after seizure, like intubation,14 and a small
minority received vasoactive drugs.8,10
The four cases of relapsing TKS after seizure, two of whom
received vasoactive drugs,8,10 further strengthen the etiological
link. For all the post-epileptic TKS cases, we note that the majority
were female (84%), with a mean age of 62.7 years. The epilepsy is
often poorly described in these TKS cases. At least 18 patients
suffered from focal epilepsy related to vascular (13 cases8,12,15–23)
or post-traumatic (3 cases11,12,24) lesions, mesio-temporal sclero-
sis (2 cases2,25), meningioma (1 case12), or delayed post-surgery (1
case26). Generalised seizures were related to hyponatremia (4
cases10,14,27,28) alcoholism (8 cases10,14,19,23,29,30) and electrocon-
vulsive therapy (ECT) (3 cases31–33). Status epilepticus (convulsive
or not) was noted in 5 cases.8,25,34–36 In most cases, there was full
cardiac recovery, as described in TKS, but one case was lethal.16 In
one case,21 a stroke occurred on the 4th day secondary to
embolism. One giant cardiac thrombus was reported in another
case.37 Many authors comment on the absence of chest pain in
their patients.14,23,38,39 Shimizu36 documented elevated catechol-
amine levels in their case and performed a cardiac biopsy, which
showed similar abnormalities to those previously described in TKS.
Sto¨llberger compared 36 seizure-associated TKS episodes to a
series of non-epileptic TKS patients and found that the epileptic
TKS patients were younger, more frequently male, and rarely had
chest pain.10
SUDEP is a serious complication of epilepsy. Its physiopa-
thology is still under debate. Some animal models suggest
cardiac abnormalities5 similar to TKS. One case of seizure-
associated TKS was reported as a near-SUDEP,2 and many
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Fig. 1. ECG: antero-septal Q waves.
[(Fig._2)TD$FIG]
Fig. 2. Left ventriculography [diastolic (A) and systolic (B)]: akinesia of the basal segment and mid portions of the left ventricle. [TD$INLINE]
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authors who have published observations of TKS after epilepsy
suspect a relationship with SUDEP.10,14 TKS may be one of the
mechanisms involved in SUDEP or sudden death in older
patients. Because of the risk of relapse, patients who have
had TKS after a seizure must receive appropriate and adequate
treatment for their epilepsy.
4. Conclusion
TKS should form part of the differential diagnosis of acute
cardiac events in epileptic patients. We suggest that, in high risk
patients, such as those identiﬁed as having a high risk of SUDEP,
troponin should be measured 1–6 h after seizures, ECG should be
Table 1
Reported cases of Takotsubo after epilepsy.
Authors Cases Epilepsy event Remarks
Sharkey et al. (1998) 1998 M, 52y Alcohol intoxication 1
Sharkey et al. (1998) 1998 F, 73y Symptomatic epilepsy (after stroke) 2
Tsuchihashi et al. (2001) 2001 3
Tsuchihashi et al. (2001) 2001 4
Tsuchihashi et al. (2001) 2001 5
Sharkey et al. (2005) 2005 F, 57y Post-trauma epilepsy 6
Ennezat et al. (2005) 2005 M, 39y Focal epilepsy (cavernoma) 7
Chin et al. (2005) 2005 M, 62y 28 Generalized, focal epilepsy, posthemorrhage 8
Chin et al. (2005) 2005 F, 50y Focal seizure, 28 TC, postaneuvrysm 9
Parvulescu-Codrea et al. (2006) 2006 F, 82y Right, left perioral twitching, and generalized
tonic-clonic activity
Undiagnosed 10
Mitchell et al. (2006) 2006 F, 49y Alcohol withdrawal ﬁts 11
Sakuragi et al. (2007) 2007 F, 59y Symptomatic focal epilepsy, status epilepticus 12
Worthley et al. (2007) 2007 F, 69y Tonic/clonic seizure and hyponatremia 13
Weeks et al. (2007) 2007 F, 64y Generalised seizures 14
Banuelos et al. (2008) 2008 F, 55y Posterior reversible leucoencephalopathy 15
Bosca et al. (2008) 2008 F, 61y Focal seizures, SMT, status epilepticus 16
Legriel et al. (2008) 2008 F, 54y Symptomatic posterior epilepsy, Status epilepticus Recurrence after status
epilepticus 6 months later
17
Lemke et al. (2008) 2008 F, 63y Schizophrenia, tonic-clonic, hyponatremia 18
Lemke et al. (2008) 2008 F, 50y Epilepsy since 8y old Relapse after 5 months with TC seizure 19
Seow et al. (2008) 2008 M, 62y Status epilepticus 20
Lim et al. (2008) 2008 F, 62y Symptomatic parieto-occipital
epilepsy (after stroke)
21
El Mahmoud et al. (2008) 2008 F, 77y ‘‘Severe epilepsy’’ (patient 18) 22
Littlejohn et al. (2008) 2008 F, 71y Electroconvulsivotherapy Recovery despite new ECT 23
Shimizu et al. (2008) 2008 F, 75y Status epilepticus 24
Fugate et al. (2009) 2009 F, 82y Posterior reversible leucoencephalopathy 25
Kalra et al. (2009) 2009 F, 25y Alcohol withdrawal 26
Espinosa et al. (2009) 2009 F, 51y SMT, right, 28 TC Undiagnosed 27
Kurisu et al. (2009a) 2009 F, 41y Epileptic seizure (patient 14) Relapse due to recurrent seizure 28
Kurisu et al. (2009a) 2009 F, 78y Epileptic seizure (patient 16) 29
Kurisu et al. (2009b) 2009 F, 75y 30
Montepietra et al. (2009) 2009 M, 56y Patient 2, post-traumatic focal seizures Undiagnosed 31
Montepietra et al. (2009) 2009 F, 55y Patient 3, focal epilepsy (meningioma) Undiagnosed 32
Montepietra et al. (2009) 2009 F, 74y Patient 5, focal epilepsy (cavernoma) Undiagnosed 33
Stollberger et al. (2009) 2009 F, 71y Symptomatic left temporal lobe
epilepsy (cavernoma)
Left ventricular rupture and death 34
Wakabayashi et al. (2009) 2009 F, 68y Myoclonal-like seizure Giant thrombus 35
Yousuf et al. (2009) 2009 F, 58y ‘‘Seizure’’ Pulmonary oedema, acute kidney
injury, rhabdomyolisis
36
Nielsen et al. (2009) 2009 M, 57y Seizure (patient 7) 37
Ramirez-Moreno et al. (2009) 2009 F, 75y Symptomatic epilepsy (after stroke) –
partial complex seizures
38
Schiano et al. (2009) 2009 F, 42y 39
Vidi et al. (2009) 2009 F, 79y 40
Satterthwaite et al. (2009) 2009 F, 72y Electroconvulsivotherapy No relapse after repeated ECT 41
Kurisu et al. (2010) 2010 M, 78y Symptomatic epilepsy (after stroke) 42
Shin et al. (2010) 2010 F, 67y Post general anesthesia 43
Rossi et al. (2010) 2010 F, 67y Symptomatic epilepsy (after stroke) 44
Zissimopoulou et al. (2010) 2010 F, 81y Generalised seizures No chest pain 45
Beach et al. (2010) 2010 F, 58y Electroconvulsivotherapy 46
Schneider et al. (2010) 2010 F, 55y Symptomatic epilepsy 10y after cerebral bleeding No chest pain 47
Schneider et al. (2010) 2010 F, 78y No chest pain 48
Schneider et al. (2010) 2010 F, 72y No chest pain 49
Schneider et al. (2010) 2010 F, 49y Alcohol abuse No chest pain 50
Schneider et al. (2010) 2010 F, 53y Symptomatic epilepsy 2y after cerebral
bleeding and alcohol abuse
No chest pain 51
Alshakarchi J et al. (2010) 2010 F, 59y Symptomatic (old ventriculostomy) Troponin elevation
in following seizures
52
Benna et al. 2010(P222) 2010 M, 73y Post-trauma epilepsy 28 Event 53
Stollberger et al. (2011) 2011 M,? Alcohol withdrawal-hyponatremia Relapse 54
Le Ven et al. (2011) 2011 F, 80y 28 Generalized, focal epilepsy and hyponatremia 55
Le Ven et al. (2011) 2011 F, 53y Generalised seizures, alcohol withdrawal 56
Le Ven et al. (2011) 2011 F, 43y Generalised seizures, alcohol withdrawal 57
Benyounes et al. (2011) 2011 F, 79y Partial status epilepticus (aphasia) 58
Our case 2011 F, 50y 1st seizure (twice), focal (right head turning) 59
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recorded, and, when positive, a transthoracic cardiac echography
should be performed and patients monitored in the cardiac acute
unit. We found two published cases in which there was isolated
elevated troponin after a seizure40,41 and one after ECT.42
Schneider et al.23 systemically measured troponin levels in 279
consecutive patients with seizures. Eighteen of the patients had
positive troponin, 5 of whom had TKS and 3 had acute coronary
syndromes.We are performing a similar study in our institutions43
and have currently identiﬁed 2 cases of TKS out of 250 patients. TKS
frequency after epilepsy could be around 1%.
Because of its underestimated frequency and physiopathologi-
cal implications, post-seizure TKS is a topic of growing importance.
References
1. Nielsen LH, Munk K, Goetzsche O, Christiansen EH, Nørgaard BL. Takotsubo
cardiomyopathy. An important differential diagnosis to acute myocardial in-
farction. Dan Med Bull 2009;56:165–8.
2. Espinosa PS, Lee JW, Tedrow UB, Bromﬁeld EB, Dworetzky BA. Sudden unex-
pected near death in epilepsy: malignant arrhythmia from a partial seizure.
Neurology 2009;72:1702–3.
3. Van deWalle SOA, Gevaert SA, Gheeraert PJ, De PauwM, Gillebert TC. Transient
stress-induced cardiomyopathy with an ‘‘inverted takotsubo’’ contractile pat-
tern. Mayo Clin Proc 2006;81:1499–502.
4. Dote K, Sato H, Tateishi H, Uchida T, Ishihara M. Myocardial stunning due to
simultaneous multivessel coronary spasms: a review of 5 cases. J Cardiol
1991;21:203–14.
5. Sakamoto K, Saito T, Orman R, Koizumi K, Lazar J, Salciccioli L, et al. Autonomic
consequences of kainic acid-induced limbic cortical seizures in rats: peripheral
autonomic nerve activity, acute cardiovascular changes, and death. Epilepsia
2008;49:982–96.
6. Hansen PR. Takotsubo cardiomyopathy: an under-recognized myocardial syn-
drome. Eur J Intern Med 2007;18:561–5.
7. Singh NK, Rumman S, Mikell FL, Nallamothu N, Rangaswamy C. Stress cardio-
myopathy: clinical and ventriculographic characteristics in 107 North Ameri-
can subjects. Int J Cardiol 2010;141:297–303.
8. Legriel S, Bruneel F, Dalle L, Appere-de-Vecchi C, Georges JL, Abbosh N, et al.
Recurrent takotsubo cardiomyopathy triggered by convulsive status epilepti-
cus. Neurocrit Care 2008;9:118–21.
9. Kurisu S, Inoue I, Kawagoe T, Ishihara M, Shimatani Y, Nakama Y, et al.
Prevalence of incidental coronary artery disease in tako-tsubo cardiomyopathy.
Coron Artery Dis 2009;20:214–8.
10. Sto¨llberger C, Fischer H, Pratter A, Finsterer J. Seizure-induced Takotsubo
cardiomyopathy and thrombocytopenia. Eur J Neurol 2011;18:e68–9.
11. Benna P, Colonna R, Montalenti E. Takotsubo cardiomyopathy induced by
epileptic seizures: a case-report.Poster presented at the 9th Congress on
Epileptology. Epilepsia 2010;51:67. [P222].
12. Montepietra S, Cattaneo L, Granella F, Maurizio A, Sasso E, Pavesi G, et al.
Myocardial infarction following convulsive and nonconvulsive seizures. Seizure
2009;18:379–81.
13. Parvulescu-Codrea S, Britton JW, Bruce CJ, Cascino GD, Jaffe AS. Elevations of
troponin in patients with epileptic seizures? What do they mean? Clin Cardiol
2006;29:325–6.
14. Le Ven F, Pennec P-Y, Timsit S, Blanc J-J. Takotsubo syndrome associated with
seizures: an underestimated cause of sudden death in epilepsy? Int J Cardiol
2011;146:475–9.
15. Chin PS, Branch KR, Becker KJ. Myocardial infarction following brief convulsive
seizures. Neurology 2004;63:2453–4.
16. Sto¨llberger C, Huber JO, Enzelsberger B, Finsterer J. Fatal outcome of epileptic
seizure-induced takotsubo syndrome with left ventricular rupture. Eur J Neurol
2009;16:e116–7.
17. Lim BA. Tako Tsubo cardiomyopathy in a patient with antiphosholipid syn-
drome secondary to systemic lupus erythemathosus (SLE). Med J Malaysia
2008;63:146–7.
18. Rossi P, Bernard F, Aissi K, Bonello L, Demoux A, Bagneres D. Takotsubo
cardiomyopathy after seizure. Br Med J Case Rep 2010. 10.1136/
bcr.11.2009.2492.
19. Sharkey SW, ShearW, HodgesM, Herzog CA. Reversible myocardial contraction
abnormalities in patients with an acute noncardiac illness. Chest 1998;114:98–
105.
20. Ennezat PV, Pesenti-Rossi D, Aubert JM, Rachenne V, Bauchart JJ, Auffray JL,
et al. Transient left ventricular basal dysfunction without coronary stenosis in
acute cerebral disorders: a novel heart syndrome (inverted Takotsubo). Echo-
cardiography 2005;22:599–602.
21. Ramı´rez-Moreno JM, Bejarano-Moguer V, Elduayen J, Milla´n-Nu´n˜ez MV, Pons-
Garcı´a MA, Go´mez MJ, et al. Ischemic stroke due to transient left ventricular
apical ballooning in women with epilepsy debut. Rev Neurol 2009;48:333–5.
22. Kurisu S, Inoue I, Kawagoe T, Ishihara M, Shimatani Y, Nakama Y, et al.
Presentation of Tako-tsubo cardiomyopathy in men and women. Clin Cardiol
2010;33:42–5.
23. Schneider F, Kadel C, Pagitz M, Sen S. Takotsubo cardiomyopathy and elevated
troponin levels following cerebral seizure. Int J Cardiol 2010;145:586–7.
24. Sharkey SW, Lesser JR, Zenovich AG,MaronMS, Lindberg J, Longe TF, et al.Acute
and reversible cardiomyopathy provoked by stress in women from the United
States. Circulation 2005;111:472–9.
25. BoscaME, Valero C, Pareja AI, BonetM, Bosca I, Sanchez-Roy R, et al. Tako-tsubo
cardiomyopathy and status epilepticus: a case report. Eur J Neurol
2008;15:e34–5.
26. Alshakarchi J, Lindahl B. Elevated troponin level and acute heart failure in
epileptic attack. Lakartidningen 2010;107:1235–7.
27. Lemke DM, Hussain SI, Wolfe TJ, TorbeyMA, Lynch JR, Carlin A, et al. Takotsubo
cardiomyopathy associated with seizures. Neurocrit Care 2008;9:112–7.
28. Worthley MI, Anderson TJ. Transient left ventricular apical ballooning syn-
drome following a hyponatraemic seizure. Int J Cardiol 2007;115:e102–4.
29. Mitchell SA, Crone RA. Takotsubo cardiomyopathy: a case report. J Am Soc
Echocardiogr 2006;19. 1190.e9–10.
30. Kalra N, Khetpal P, Sorrell VL. Seriously stressed. Am J Med 2009;122:735–7.
31. Beach SR, Wichman CL, Canterbury RJ. Takotsubo cardiomyopathy after elec-
troconvulsive therapy. Psychosomatics 2010;51:432–6.
32. Littlejohn FC, Syed O, Ornstein E, Connolly ES, Heyer EJ. Takotsubo cardiomy-
opathy associated with anesthesia: three case reports. Cases J 2008;1:227.
33. Satterthwaite TD, Cristancho MA, Alici Y, Weiss D, O’Reardon JP. Electrocon-
vulsive therapy in a 72-year-old woman with a history of Takotsubo cardio-
myopathy: a case report and review of the literature. Brain Stimul 2009;2:238–
40.
34. Sakuragi S, Tokunaga N, Okawa K, Kakishita M, Ohe T. A case of takotsubo
cardiomyopathy associated with epileptic seizure: reversible left ventricular
wall motion abnormality and ST-segment elevation. Heart Vessels 2007;22:59–
63.
35. Seow S-C, Lee Y-P, Teo S-G, Hong ECT, Lee C-H. Takotsubo cardiomyopathy
associated with status epilepticus. Eur J Neurol 2008;15:e46.
36. Shimizu M, Kagawa A, Takano T, Masai H, Miwa Y. Neurogenic stunned
myocardium associated with status epileptics and postictal catecholamine
surge. Intern Med 2008;47:269–73.
37. Wakabayashi K, Dohi T, Daida H. Takotsubo cardiomyopathy associated with
epilepsy complicated with giant thrombus. Int J Cardiol 2011;148:e28–30.
38. Zissimopoulou S, Gianelli S, Schindler T, Perrenoud J. Takotsubo cardiomyopa-
thy associated with seizures in asymptomatic geriatric patient. Eur Geriatr Med
2010;1:99–100.
39. Sto¨llberger C, Wegner C, Finsterer J. Seizure-associated takotsubo cardiomyop-
athy. Epilepsia 2011. 10.1111/j.1528-1167.2011.03185.x.
40. Brobbey A, Ravakhah K. Elevated serum cardiac troponin I level in a patient after
a grand mal seizure and with no evidence of cardiac disease. Am J Med Sci
2004;328:189–91.
41. Twig G, Barsheshet A, Zimlichman E. Epileptic seizure vs. myocardial infarction:
the signiﬁcance of cardiac troponin levels. Isr Med Assoc J 2007;9:889–90.
42. Martinez MW, Rasmussen KG, Mueller PS, Jaffe AS. Troponin elevations after
electroconvulsive therapy: the need for caution. Am J Med 2011;124:229–34.
43. Ferrao Santos S, Dubuisson N, Dupuis F, Dupuis M, Evrard F, Van Rijckevorsel K.
A prospective study evaluating the recurrence of Takotsubo cardiomyopathy
related to seizures. Poster presented at the 29th International Epilepsy Congress.
2011:P441.
M. Dupuis et al. / Seizure 21 (2012) 51–5454
